27 New Mexico 5 utah"""""""~""""""""""~"~""*""""~"""" 2,0 Wyoming 11 Specific conductance, temperature, and pH were measured in the field, and radium and uranium concentrations were determined by laboratories of the U.S. Geological Survey.
The sampling was directed toward mineral springs as opposed to ordinary freshwater springs. By definition, a mineral spring is a spring whose water contains enough dissolved minerals or gases to
give it a definite taste, "especially if the taste is unpleasant or if the water is regarded as having therapeutic value" (Gary and others, 1974) . The minimum amount of mineral matter necessary to impart a taste is not stated, presumably because the amount is variable and depends on the ions or gases involved. According to Hem (1970, p. 219) water containing more than 1,000 mg/1 total dissolved solids is saline, and saline water is usually considered undesirable for drinking. Many mineral waters are saline by this definition, but some are not. Thermal springs are commonly used as health spas and are considered to be mineral water even though the total dissolved-solids content may be less than 1,000 mg/1. Therefore, in order to examine all possible mineral springs, we searched the literature and maps for references to hot springs, salt springs, soda springs, or sulfur springs. We visited mineral springs having a wide range of properties dissolved-solids contents of 130 to 28,000 mg/1 (specific conductances of 130 to 55,000 ymhos/cm) and temperatures of 7°c to 94°c.
Measurements and analytical procedures
Temperature and pH were measured in the field. Temperature was measured at the surface as near the source of each spring as 7 possible and was recorded to the nearest degree Celsius. The pH was measured at the site by means of a combination glass electrode using a Ag/AgCl solution as reference and was recorded to the nearest tenth of a pH unit.
Specific conductance is a measure of the ability of a water to conduct an electrical current. It was measured in the field using standard instrumentation of the U.S. Geological Survey that compensates for temperature and standardizes the reading to 25°C.
The conductance is directly related to the total ion concentration, and approximate dissolved-solids contents can be calculated from conductance values by the relationship:
where K is specific conductance in micromhos per centimeter, S is dissolved solids in milligrams per liter, and A is the conversion factor (Hem, 1970, p. 96-102) . The value of A can range from 0.54 to 0.96, but for most waters, A is between 0.55 and 0.75, making the dissolved solids roughly two thirds the conductance. The relationship between conductance and a single dissolved salt is a simple linear one, but the occurrence of many salts in varying proportions in natural waters causes the relationship to be less straightforward.
Radium analyses were done by radiochemical carrier-precipitation methods. A 1-liter sample of untreated water was collected at each site, and most of these were analyzed by the radon emanation method. The radium is coprecipitated with barium sulfate, the precipitate is then dissolved, and the solution is 8 bubbled with helium to flush out existing radon. The bubbler is allowed to equilibrate for 2-20 days before an alpha count is taken on the ingrown radon-22 and the radium-226 is calculated.
Because the U.S. Geological Survey changed its sample submittal and accounting procedure while this study was in progress, some of the samples were analyzed by the precipitation method. In this method the radium is coprecipitated with barium sulfate, and the precipitate is collected on a filter, or planchet.
The planchet is allowed to equilibrate for at least 15 days before an alpha count is taken. Both of the above methods are discussed in Thatcher, Janzer, and Edwards (1977) . Both the direct and the extraction methods are discussed in Thatcher, Janzer, and Edwards (1977) . Samples collected in Nevada and part of Utah were analyzed by extraction fluorometry only.
These 1-liter samples were filtered through 0.45-ym filter paper and acidified with 2 ml of 6N_ nitric acid in the field. 
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.03 The positive correlation between radium and specific conductance ( fig. 10 ) may reflect the effect that ionic strength has on the solubility of didivalent salts. The ionic strength of a solution increases as the total number and charge of ions present increase, and the greater the ionic strength, the greater will be the solubility of a given salt (Krauskopf, 1967, p. 70-76) . The amount of radium in solution may depend in part on the amount of barium and sulfate ions present and on the solubility of barium sulfate (Cadigan and others, 1976; Gilkeson and others, 1977) , which in turn depends at least in part on the total ionic strength of the water involved. Therefore, a higher specific conductance indicates a solution having more dissolved solids, more ions, and higher ionic strength, and a higher ionic strength means a greater solubility for barium sulfate and hence more radium that will stay in solution and not be.coprecipitated out.
A negative correlation (-0.48 ) exists between specific conductance and pH ( fig. 17 ). The pH depends on what salts are dissolved in the water; some tend to form basic solutions when dissolved, and others, acidic. Water whose pH is very high (above 8.5) is usually of the sodium-carbonate-bicarbonate type, and water having moderately high pH is commonly bicarbonate rich (Davis and Dewiest, 1966, p. 76) . By inference, then, water having a somewhat lower pH, perhaps 5 to 7, is likely to be of the sulfate or chloride type. Like pH, the specific conductance depends on the type and amount of ions present in the water (Davis and Dewiest, 37 1966, p. 84) . Fresh water, which has low conductance, commonly contains dissolved calcium sulfate or bicarbonate as the predominant consituent, whereas more saline water, which has higher conductance, contains a larger amount of dissolved sodium chloride.
Therefore, in general, chloride-rich water is likely to have a high specific conductance and a moderately low pH, and bicarbonate-rich water is likely to have a low conductance and a moderately high pH;
such relationships lead to an observed negative correlation between conductance and pH.
The negative correlation between radium and pH ( fig. 12 ) is probably a result of the relationships described in the above two paragraphs. Specific conductance is negatively related to pH, and radium is positively related to specific conductance. Therefore, radium appears to have a negative relation to pH, with a correlation coefficient of intermediate value, -0.54.
The only significant correlation (-0.46 (no. 6). Uranium concentration in the source rocks is one of the unmeasured parameters which affects the radium concentration observed in a spring. Therefore, it is certainly possible that the Monte Neva Hot Springs system, for example, is related to uraniumrich rocks.
The lack of correlation between radium and uranium ( fig. 9) indicates that the factors controlling their concentrations in water are not related./ Radium content may be high in a spring where uranium content is low, or vice versa, but if the situation were that simple, a negative correlation would exist. The fact that radium and uranium contents can also both be high or both be low in a given spring, indicates that the situation is more complex. As discussed above, high conductance and low pH tend to favor radium abundance in the water, and low temperature tends to favor uranium abundance; in addition, unmeasured factors, such as Eh or ionic composition of the water, undoubtedly also affect the relative mobility of these two elements and contribute to their fractionation in the hydrogeologic environment.
One way of looking at the relationship between radium and uranium is to calculate the radium enrichment factor (REF) for each spring (table 3) . This factor is a measure of the degree of radioactive disequilibrium between radium and uranium and is calculated by dividing the measured radium concentration by the amount of radium that would be in equilibrium with the measured uranium concentration in the spring. In this way we can see which spring systems favor the mobility of radium over uranium. respectively. These coefficients are statistically significant at the 99-percent level and indicate that radium mobility relative to uranium is favored by water with high specific conductance, high temperature, and low pH.
Conclusion
Linear regression analyses indicate that a significant positive correlation exists between radium and specific conductance and that significant negative correlations exist between radium and pH, specific conductance and pH, and uranium and temperature. In other words, radium mobility relative to uranium is favored by water with high specific conductance, high temperature, and low pH.
The strongest correlation is between radium and specific conductance. Examination of the ratio between these two parameters 40
3-8- shows that Monte Neva Hot Springs, Nev., has a radium concentration that is affected most by unmeasured parameters, one of which may be the presence of uranium-rich source rocks.
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